Abstract. The measuring mechanism of the self-aligned interferometer (SI) is analyzed in detail in the paper. The expression φ ∆ of nonlinear phase shift and its error expression φ δ are derived. The reasons of influencing on the measuring accuracy of the nonlinear phase shift are analyzed theoretically. The influences of the SI structure parameters on measuring the nonlinear phase shift are simulated and calculated. Properly selecting structure parameters in the SI, the optimal value φ ∆ and φ δ are obtained. A measuring system using the optimal structure parameters is set up. The measured nonlinear phase shift φ ∆ coincides with the theoretical value. When compared the measured φ ∆ with other testing values from reference [2], the deviation φ δ obtained in our experiment is smaller.
Introduction
When the lightwaves transmit in optical fiber communication systems, there are some nonlinear effects usually, such as self-phase modulation (SPM), cross-phase modulation (XPM), fourth wave mixing (FWM) and so on. These nonlinear phenomena may influence on the quality of optical communication signals or may also come into being special applications, and are concerned with the Kerr coefficient of optical fiber. So we need to know the Kerr coefficient in order preferably to use the nonlinear effects in optical fiber communication. Ordinarily with measuring nonlinear phase shift brought by these nonlinear phenomena, the Kerr coefficient of fiber can be obtained. One of good measuring methods is to use the interferometer. But the measuring method also has a disadvantage of bigger interfere from circumstance. Its measuring stability is worse and measuring error is bigger because of measuring data undulating. A self-aligned interferometer (SI) with a faraday mirror as reflective mirror is presented in the reference [2] . Here let two waves pass in the path structured by same optical components. It is to avoid circumstance interfere which produce the influence on measuring data. The phase shift measured by the SI is just related with nonlinear effects of optical fiber. But the error measured didn't be analyzed in the reference [2] . In the paper, we analyze the measuring mechanism of the method above in detail, find out the reason of producing error and improve the measuring method above.
Text Measurement Mechanism of SI and Error Analysis
It is well-known that the optical nonlinear effects (i.e. SFM, XPM, FWM and so on) are produced easily when the energy of transmitting signals in the optical fiber system increases. Assume an incident wave whose intensity is P transmits in a fiber whose length is l . The phase shift introduced because of SPM is
here 0 φ , nl φ are linear and nonlinear phase shift respectively. 0 n , k are absorb fector and transmitting constant respectively. m denotes the polarization of incident wave influences on phase shift (m equals to 1 when polarization state of incident wave keeps in polarization maintenance fiber). γ is the Kerr coefficient of optical fiber. L eff is effective length of fiber and
. With the expression (1), the Kerr coefficient of optical fiber can be obtained easily after measuring the phase shift of waves.
The setup of measuring the nonlinear phase shift, presented in the reference [2] and called as self-aligned interferometer (SI), is shown as Fig. 1 . Here TF is tested fiber whose length is X. A Mach-Zehnder interferometer (MZI) with dissymmetrical arms and a faraday mirror as reflective mirror (M) are included in the SI. When a light pulse which is amplified by EDFA, passes through a circular and divided into two branch (L, S) at first optical coupler whose coupling factor is α /(1-α). But the light pulses from two branch aren't in-phase and collect at the second optical coupler whose coupling factor is β/(1-β). Then they come into detector (D 1 ) and the TF. The two light pulses are reflected by M and backtrack, again pass through the MZI. Upon that they divided into two light pulses respectively. When four light pulses arrive at first optical coupler, middle two light pulses are in-phase and will interfere. So three light pulses are received at detector (D 2 ). The middle light pulse whose intensity determined by interferential light pulses carries the phase shift introduced by TF. The phase shift is barely produced by SPM of TF and is just to need measuring.
The paths of interferential light pulses are L-TF-TF-S-D2 and S-TF-TF-L-D2 separately, because the paths whose length is equal are structured by same optical components. The excessive phase shifts from fiber length (L, S), coupling, reflecting and so on can be counteracted each other, so it is to avoid circumstance interfere for interferential light pulses. But it is difference that two interferential light pulses transmit along the paths shown in Fig. 2 , i.e. whose transmitting order through L and S is different. The phase shift introduced by strong light pulses in fiber is also different. It follows that the nonlinear phase shift in SI isn't completely induced by SPM of tested fiber and the intensity of light pulses affects the accurate measuring of nonlinear phase shift. The nonlinear phase shift introduced by SPM of tested fiber account just for the Kerr coefficient of tested fiber. With the transmitting matrix of optical coupler, the complex amplitudes E 1 , E 2 of two interferential light pulses which arrive at detector (D 2 ) are separately 
here ∆φ is phase shift difference of two interferential light pulses and is expressed as (2), (3) are equal and the I will be zero. The expression (6) shows the nonlinear phase shifts introduced by SPM of tested fiber, the expression (7) denotes the error introduced by measuring system. The error φ δ is related with the length L, S and their fiber characteristic of two arm in MZI, the intensity of light pulse and so on. When φ δ fluctuates bigger, the measuring of phase shifts is precarious and inaccurate. Thus to need that the φ δ is as smaller as possible.
Fig. 2. The paths of interferential light pulses
In order to obtain the biggest coherent contrast of two interferential light pulse, it is necessary to take α=1/2 (i.e. the first coupler in the MZI is 3-dB coupler). So the expression (7) can be simplified as
The expression (5), (6) and (8) above become the basis of analyzing and improving the measurement accuracy of nonlinear phase shifts in the SI.
Improvement on Measuring Method
From the expression (5), we know that the more the φ ∆ and the smaller the φ δ , the measuring sensitivity will be higher. The parameters in the expression (6), (8) (such as L eff , α, β, m, P, L, S, 1 γ and so on ) will influence on the measuring accuracy of the nonlinear phase shifts. So we need to analyze and optimize these parameters in order to obtain the minimum φ δ and the maximum φ ∆ .
With the simulative calculation, the relations among these parameters are presented in the Fig. 2, 3 , 4, 5. When the power P of light pulse and the arm length S are given, the influences of various coupling factor β and the arm length L on the φ δ are shown in Fig. 3 . It is evident from Fig. 3 that the smaller the coupling factor β and the longer the length L, the smaller also the φ δ . The influences of various coupling factor β and the power P of light pulse on the φ δ are shown in Fig. 4 when the arm length L and S in the MZI are given. It follows from Fig. 4 that the smaller the coupling factor β and the power P, the smaller also the φ δ . Figure 5 shows the influences of We set up a measuring system (i.e. the self-aligned interferometer) using the optimal system parameters above. Here the pulse generator in the setup is DFB laser diode modulated directly. It produces the light pulses whose width is 20 ns. The length of two arms in the MZI is taken S=60 m, L=135m in Fig. 5(b) to undraw interval of the light pulses. It makes the interval of three light pulses arriving at the detector D 2 been 240 ns approximately, it is avail to measure the nonlinear phase shift. And taken α=1/2, β=1/10, TF = 100m (SMF). The interference phase (i.e. the phase shift difference of two interferential light pulses φ ∆ ) in the SI is measured and shown in Fig. 6(a) . These measuring results are denoted by crossed lines and their theoretical value are denoted by full line in Fig. 6 . It may be seen that the value measured is coincide with the theoretical value when the power of light pulse increases in Fig. 6 . So much as the power of light pulse is very strong, the phase shift φ ∆ didn't also undulate. But in Fig. 6(b) which is from reference [2] , the measured difference φ 
Conclusion
The interferometer method which is used for measuring the nonlinear phase shift is very effective and in common use. The data measured with the interferometer is easily disturbed by circumstance and with the bigger error. A self-aligned interferometer (SI) presented in the reference [2] can decrease the interference from circumstance but can't completely eliminate the interference due to its self structure. The measuring mechanism of the SI is analyzed in detail in the paper. The expression φ ∆ of nonlinear phase shift and its error expression φ δ are derived. The reasons of influencing on the measuring accuracy of the φ ∆ are analyzed theoretically. The structure parameters (such as α, β, L, S, P, and so on) in the SI are calculated and optimized in order to obtain the minimum φ δ and the maximum φ ∆ .
Simulated results show that the increase the power of light pulse makes the φ δ increased but one can find an optimal value φ δ and the other parameters can be selected properly. A measuring system with the optimal structure parameters above is set up to validate the measuring method improved. The nonlinear phase shift φ ∆ is measured and coincides with the theoretical value. Compared the φ ∆ with other testing values from reference [2] , the measured deviation φ δ is smaller in our experiment.
These experiment results show that the measuring method with simulating and optimizing the structure parameters in the SI is accurate and convenient, which can completely eliminate the interference from the circumstance. The measuring method improved will be applied widely in optical fiber communications and optical precise measurements.
